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Abstract—Superconductors differ fundamentally in quantum physics behavior from conventional materials in the manner by 
which electrons, or electric currents, move through the material. It is these differences that give rise to the unique properties and 
performance benefits that differentiate superconductors from all other known conductors. 
 
I. INTRODUCTION 
Superconductivity is a unique and powerful 
phenomenon of nature. Nearly a century after its first 
discovery, its full commercial potential is just beginning to 
be exploited. 
II. THE DISCOVERY OF SUPERCONDUCTORS 
The phenomenon of superconductivity, in which 
the electrical resistance of certain materials completely 
vanishes at low temperatures, is one of the most interesting 
and sophisticated in condensed matterphysics. It was first 
discovered by the Dutch physicist Heike Kamerlingh Onnes, 
who was the first toliquefy helium (which boils at 4.2 
Kelvin at standard pressure). In 1911 Kamerlingh Onnes 
and one of hisassistants discovered the phenomenon of 
superconductivity while studying the resistance of metals at 
lowtemperatures. They studied mercury because very pure 
samples could easily be prepared by distillation. The historic 
measurement of superconductivity in mercury is shown in 
Figure 1.  
 
Fig. 1.The resistance of mercury measured by Onnes. 
As in many other metals,the electrical resistance of mercury 
decreased steadily upon cooling, but dropped suddenly at 
4.2 K, andbecame undetectably small. Soon after this 
discovery, many other elemental metals were found to 
exhibit zero resistance when their temperatures were 
lowered below a certain characteristic temperature of the 
material, called the critical temperature, Tc, some of 
which are given inFigure 2. 
 
Fig. 2.The critical temperatures of some superconductors. 
III. THE MEISSNER EFFECT 
 
 
Fig. 3. The Meissner effect 
 
In 1933, Walter Meissner and Robert Ochsenfeld 
discovered a magnetic phenomenon that showed that 
superconductors are not just perfect conductors. Figure 3 
illustrates a thought experiment that highlightsthis 
difference. Imagine that both the ideal conductor and 
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superconductor are above their critical temperature, T. That 
is, they both are in a normal conducting state and have 
electrical resistance. A magnetic field, Bc, is then applied. 
This results in the field penetrating both materials. Both 
samples arethen cooled so that the ideal conductor now has 
zero resistance. It is found that the superconductor expels 
athe magnetic field from inside it, while the ideal conductor 
maintains its interior field. Note that energy isneeded by the 
superconductor to expel the magnetic field. This energy 
comes from the exothermic superconducting transition. 
Switching off the field induces currents in the ideal 
conductor that prevent changes in the magnetic field inside 
it – by Lenz’s law. However, the superconductor returns to 
its initialstate, i.e. no magnetic field inside or outside it. 
 
IV. TYPE I AND II SUPERCONDUCTORS 
High magnetic fields destroy superconductivity and restore 
the normal conducting state. Depending on the character of 
this transition, we may distinguish between type I and II 
superconductors. The graphshown in Figure 4a illustrates 
the internal magnetic field strength, B, with increasing 
applied magneticfield. It is found that the internal field is 
zero (as expected from the Meissner effect) until a critical 
magnetic field, Bc, is reached where a sudden transition to 
the normal state occurs. This results in thepenetration of the 
applied field into the interior. Superconductors that undergo 
this abrupt transition to thenormal state above a critical 
magnetic field are known as type I superconductors. Most 
of the pure elements in Figure 2 tend to be type I 
superconductors. Type II superconductors, on the other 
hand,respond differently to an applied magnetic field, as 
shown in Figure 4 b. An increasing field from zero results in 
two critical fields, Bc1 and Bc2. At B the applied field 
begins to partially penetrate the interiorof the 
superconductor. However, the superconductivity is 
maintained at this point. The superconductivity vanishes 
above the second, much higher, critical field, Bc1c2. For 
applied fields between B, the applied field is able to 
partially penetrate the superconductor, so the Meissner 
effect is incomplete,allowing the superconductor to tolerate 
very high magnetic fields.  
 
Fig.4a)Type-I superconductor behaviour. b) Type-II 
superconductorbehavior. 
 
V. WHY IS A LEVITATED MAGNET STABLE? 
A common demonstration of the Meissner effect is to cool 
high Tc superconductors (YBa2Cu3O7), then a small and 
strong permanent magnet on top of it to demonstrate the 
repulsion of the magnetic field by the superconductor as 
shown in Figure 6. This repulsion results in the levitation of 
the magnet. An explanation for this levitation is that the 
magnet “sees” a mirror image of itself in the 
superconductor, which is like a magnet floating on top of 
another identical magnet. This would be true if the 
superconductor was much larger than the magnet. In 
practice the superconductor may be only slightly larger than 
the magnet. This will result in a distorted image of the 
magnet, especially near the edges of the superconductor. 
The situation then is similar to trying to balance two 
magnets on top of each other. If you have ever tried to 
balance one magnet on top of another, you would have 
quickly found that it is impossible to do without physically 
holding it there. Left alone, the magnet will always topple 
over and never stay levitated. This is a well known effect in 
physics, a consequence of Earnshaw’s theorem, which states 
that there can never be any stable configuration of magnetic 
fields that will trap another magnet.  
 
Fig.5Levitating permanent magnet on top of a high Tc superconductor. 
 
So why does a levitating permanent magnet remain stable 
on top of a small sized superconductor? Even alittle nudge 
causes the magnet to spring back to its original position as if 
somehow tied by invisible springs to that point. To explain 
this, we need to expose everyone’s little secret when they 
demonstrate this levitation experiment. If the magnet is 
lightly placed over a newly cooled high temperature 
superconductor, you should find that the magnet does not 
stay levitated for long. It slips off very quicklyas one would 
expect to happen if a magnet is placed on top of another 
magnet, or a distorted mirror image of itself in this case. 
Note what everyone does in order to get the magnet to 
levitate stably. They hold the magnet over the 
superconductor and rather than letting it go, they thrust it 
slightly towards the superconductor. Releasing the magnet 
at this point causes it to remain there stably. Incredibly, if 
the magnet is then removed then dropped back over the 
superconductor, it levitates stably without the need to thrust 
the magnet towards the superconductors. It is as if the 
superconductor has “remembered” that the magnet was 
there. Moving the magnet back and forth parallel to the 
surface of the superconductor or allowing the 
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superconductor to warm up above T then cooling it down 
again will make the levitation ofthe magnet unstable once 
more. The magnet must again be thrust towards the 




VI. VORTEX STATES AND FLUX PINNING 
 
Stable levitation of a permanent magnet above a 
small and flat superconductor only occurs for type-II 
superconductors. Certainly levitation occurs when using 
type-I superconductors but in a type-II, thelevitation is 
particular stable and robust. The answer lies in the 
properties of type-II superconductors for an applied 
magnetic field between the two critical fields, Bc1and Bc2. 
Earlier we said that for type-II,there is partial penetration of 
the magnetic field.   
 
Fig.6 Vortices (dark regions) in a type-II superconductor. 
 
These normal regions allow the penetration of the magnetic 
field in the form of thin filaments, usually called flux lines, 
fluxons, fluxoids or vortices. The vortices are aptly named 
because each is a "vortex" orswirl of electrical current 
(shown on the left in Figure 6) that are associated with this 
state. While in the vortex state, the material surrounding 
these normal can have zero resistance and has partial flux 
penetration. Vortex regions are essentially filaments of 
normal conductor (non-superconducting) that runthrough 
the sample when an external applied magnetic field exceeds 
the lower critical field, B. As the strength of the external 
field increases, the number of filaments increases until the 
field reaches the upper, the filaments crowd together and 
join up so the entire sample becomes normal. 
One can view a vortex as a cylindrical swirl of 
current surrounding a cylindrical normal conducting 
corethat allows some flux to penetrate the interior of type-II 
superconductors. Thrusting a permanent magnet towards a 
type-II superconductor will cause the applied magnetic field 
at the superconductor to be within the region of the two 
critical fields. This creates the vortex states shown on the 
right of Figure 6. In principle, the motion of a levitating 
permanent magnet will cause these vortices to move. In 
practice, real materials (such as High Tcritical value, Bc2 
superconductors) have defects (missing or misplaced atoms, 
impurity atoms) in their crystal lattices. They are also 
composed of many crystals, all bound together, resulting in  
many crystal boundaries. The crystal defects and boundaries 
stop the motion of the vortices, which is known as flux 
pinning. This provides the stability of a levitating magnet. 
Pinning the motion of its magnetic field lines also means 
stopping the motion of the magnet. Note that flux pinning 
can only occur in type-II superconductors. This 
demonstration with high temperature superconductors 
indicates that they are oftype-II. 
VII. BCS THEORY AND COOPER PAIRS 
 
According to classical physics, part of the 
resistance of a metal is due to collisions between free 
electrons and the crystal lattice’s vibrations, known as 
phonons. In addition, part of the resistance is due to 
scattering of electrons from impurities or defects in the 
conductor. As a result, the question arose as towhy this does 
not happen in superconductors? 
A microscopic theory of superconductivity was 
developed in 1957 by John Bardeen, Leon Cooper and J. 
Robert Schrieffer, which is known as the BCS theory. The 
central feature of the BCS theory is that two electrons in the 
superconductor are able to form a bound pair called a 
Cooper pair if they somehow experience an attractive 
interaction between them. This notion at first sight seems 
counterintuitive since electrons normally repel one another 
because of their like charges. This may be thought of in 
thefollowing way and is illustrated in Figure 7. 
 
Fig. 7.Classical description of the coupling of a Cooper pair. 
 
Although a classical description of Cooper pairs has been 
given here, the formal treatment from the BCS theory is 
quantum mechanical. The electrons have wave-like behavior 
and are described by a wave function that extends 
throughout the solid and overlaps with other electron wave 
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functions. As a result, the whole network of electrons 
behaves line one wave function so that their collective 
motion is coherent. 
 
VIII. HIGH – TC  SUPERCONDUCTORS 
It has long been a dream of scientists working in 
the field of superconductivity to find a material that 
becomes a superconductor at room temperature. A 
discovery of this type will revolutionize every aspect of 
modern day technology such as power transmission storage, 
communication, transport and even the type of computers. 
All of these advances will be faster, cheaper and 
more energy efficient. This has not been achieved to date.  
However, in 1986 a class of materials was discovered by 
Bednorz and Müller that led to superconductors that we use 
today on a bench-top with liquid nitrogen to cool them. Not 
surprisingly, Bednorz and Müller received the Nobel Prize 
in 1987 (the fastest-ever recognition by the Nobel 
committee). The material we mostly use on bench-tops is 
Yttrium – Barium – Copper Oxide, or YBa2Cu3O, 
otherwise known as the 1-2-3 superconductor, and are 
classified as high temperature (Tc7) superconductors. The 
nominal distance between cooper pairs (coherence length) in 
these superconductors can be as short as one or two atomic 
spacing. As a result, the coulomb repulsion force will 
generally dominate at these distances causing electrons to be 
repelled rather than coupled. For this reason, it is widely 
accepted that Cooper pairs, in these materials, are not 
caused by a lattice deformation, but may be associated with 
the type of magnetism present (known as anti 
ferromagnetism) in the copper oxide layers. So high–T 
superconductors cannot be explained by the BCS theory 
since that mainly deals with a lattice deformation mediating 
the coupling of electron pairs. The research continues into 




Fig. 8.Crystal lattice structure of the High – Tc 
superconductor, YBa2Cu3O7 
IX. APPLICATIONS OF SUPERCONDUCTORS 
Superconductors can also be used to make a device known 
as a superconducting quantum interference device (SQUID). 
This is incredibly sensitive to small magnetic fields so that it 
can detect the magnetic fields from the heart (10-10 Tesla) 
and even the brain (10-13 Tesla). For comparison, the 
Earth’s magnetic field is about 10-4 Tesla. As a result, 
SQUIDs are used in non-intrusive medical diagnostics on 
the brain. A use of large and powerful superconducting 
electromagnets is in a possible future energy source known 
as nuclear fusion. When two light nuclei combine to form a 
heavier nucleus, the process is called nuclear fusion. This 
results in the release of large amounts of energy without any 
harmful waste. Two isotopes of hydrogen, deuterium and 
tritium, will fuse to release energy and helium. Deuterium is 
available in ordinary water and tritium can be made during 
the nuclear fusion reactions from another abundantly 
available element – lithium. For this reason it is called clean 
nuclear energy. For this reaction to occur, the deuterium and 
tritium gases must be heated to millions of degrees so that 
they become fully ionized. As a result, they must be 
confined in space so that they do not escape while being 
heated. Powerful and large electromagnets made from 
superconductors are capable of confining these energetic 
ions. An international fusion energy project, known as the 
International Thermonuclear Experimental Reactor (ITER) 
is currently being built in the south of France that will use 
large superconducting magnets and is due for completion in 
2017. It is expected that this will demonstrate energy 
production using nuclear fusion. 
 
X. CONCLUSION 
The 100th anniversary of the discovery of superconductivity 
is being observed in 2011 and a Historic Session has been 
organized for IMS 2011. There are many very unique 
properties of superconductivity that can be used to make 
electrical and electronic devices with properties and 
characteristics that are, in many cases, impossible to achieve 
using non-superconducting technologies. In this paper, a 
overview of the history of superconductivity was presented 
along with a brief review of the properties of 
superconductivity that can be used in high frequency 
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devices and circuits. Some of the earlier attempts to use 
superconductivity in microwave applications were outlined. 
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